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ABSTRACT
The progenitors of super luminous supernovae (SLSNe) are still a mystery. Hydrogen-poor
SLSN hosts are often highly star-forming dwarf galaxies and the majority belongs to the class
of extreme emission line galaxies hosting young and highly star-forming stellar populations.
Here we present a resolved long-slit study of the host of the hydrogen-poor SLSN PTF12dam
probing the kpc environment of the SN site to determine the age of the progenitor. The galaxy
is a “tadpole” with uniform properties and the SN occurred in a star-forming region in the head
of the tadpole. The galaxy experienced a recent star-burst superimposed on an underlying old
stellar population. We measure a very young stellar population at the SN site with an age of
∼ 3 Myr and a metallicity of 12+log(O/H)=8.0 at the SN site but do not observe any WR
features. The progenitor of PTF12dam must have been a massive star of at least 60 M and
one of the first stars exploding as a SN in this extremely young starburst.
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1 INTRODUCTION
Superluminous supernovae (SLSNe) are a recently discovered class
of stellar explosion with peak magnitudes of < –21 mag (for a
review see Gal-Yam 2012). Their hosts are predominantly low-
luminosity blue compact dwarfs (BCDs) first monitored by non-
targeted wide-field surveys, so they went undetected until 2005
(SN 2005ap; Quimby et al. 2007), although some events were later
reclassified as SLSNe (Gal-Yam 2012).
SLSNe are divided into two classes: SLSNe Type II have
hydrogen in their spectra and they often resemble Type IIn SNe.
Their energy probably stems from interactions with the circumstel-
lar medium or previously ejected H-rich material (Gal-Yam 2012).
Type I are hydrogen-poor with late spectra similar to broad-lined
Type Ic SNe (Pastorello et al. 2010; Quimby et al. 2011). Their
energy is emitted at large radii suggesting interactions with pre-
explosion shells (Chevalier et al. 2011) (similar to what has been
suggested for a gamma-ray burst in 2010; Tho¨ne et al. 2011). Alter-
natively, they could be powered by a magnetar (e.g. Kasen& Bild-
sten 2010) or they are pair-instability SNe (Gal-Yam et al. 2009).
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The hosts of SLSNe are distinctively different than other SN
hosts. Only recently Lunnan et al. (2014) and Leloudas et al. (2014)
published two studies of SLSN host samples. They conclude that
Type I SLSN hosts are consistently low-luminosity low-mass ob-
jects with low metallicities and high specific star-formation rates
(SSFRs) while Type II hosts are more massive and metal-rich
(Leloudas et al. 2014), pointing to a different progenitor. While
Lunnan et al. (2014) claim a similarity between long GRB (LGRB)
and SLSN-I hosts, Leloudas et al. (2014) argue that SLSN-I hosts
are often even more extreme and belong to the class of extreme
emission line galaxies (EELGs, see e.g. Amorı´n et al. 2014).
In this paper we present a detailed analysis of different parts
of the host of PTF12dam and derive conclusions on the progenitor
star. PTF12dam at z=0.107 was detected by the Palomar Transient
Factory on April 20 2012 (Quimby et al. 2012) and shown to be
a hydrogen-poor SLSN similar to SN 2007bi (Nicholl et al. 2013).
Its host is a “tadpole galaxy” (Sanchez Almeida et al. 2013) with a
compact core consisting of several SF regions, where the SN was
located, and a fainter tail. Global spectra of the host have been pre-
sented by Chen et al. (2014); Lunnan et al. (2014) and Leloudas et
al. (2014) showing very strong emission lines and a low metallic-
ity which point to recent starburst. Throughout the paper we use a
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Figure 1. Image of the galaxy with the two slit-position and the extracted
regions, the SN position is marked with a black circle. The image was taken
from the HST archive (program 12524, PI R. Quimby) while the SN was
still present, so the SF regions around the SN site cannot be distinguished.
2 OBSERVATIONS
We obtained longslit spectra using OSIRIS at the GTC (Cepa et
al. 2003) at two different slit angles (see Fig. 1) on Feb. 28 2014
and Apr. 30 2014. Slit1 was put at a parallactic angle covering
the SN position while slit 2 was placed across the tadpole and
also covers the SN site. At each epoch, we used the R2000B and
R2500R grisms with a combined wavelength range from 3950 to
7700 A˚ and which provide resolutions of 2165 (0.85 A˚/pix) and
2475 (1.04 A˚/pix) respectively. Exposure times were 3×400 s at the
first epoch and 4×400 s at the second epoch. Relative flux calibra-
tion was obtained by observing the standard stars G191 and GD143
at epoch 1 and 2. The seeing was good with 1.2 and 0.9 arc sec in
the two nights respectively. The spectra are then divided into 3 spa-
tial bins each and analyzed separately. The bins have a width of
8–12 pixels to cover different parts of the galaxy (see Fig.1). We
also extract the integrated spectrum for both slit positions.
On August 4, 2014, we performed tunable narrow-band fil-
ter observations with OSIRIS/GTC of the field around PTF12dam.
Observations consisted of 5 × 750 s exposures using a 12 A˚ filter
in steps of 8 A˚ around the central wavelength of Hα at the redshift
of PTF12dam. An additional 200 s continuum image was taken,
scaled to the flux of each narrow band filter and subtracted from
the frames after PSF matching.
3 RESULTS
Both spectra show a multitude of emission lines (see Table A2 and
Fig. 2). In addition to the strong nebular and auroral lines of [O II],
[O III], Hα, [N II] and [S II], we detect 16 lines of the Balmer se-
ries in emission, several transitions from He II, [Ne III], [Fe III]
and [Ar IV], the Te sensitive [O III] line λ 4363, [O I] λ 6300 and
most of the permitted transitions of He I. [Ne III]/[O III] is constant
with oxygen abundance due to their similar ionization structure,
but [Ne III] is often missed because of its lower line strength. He II,
[Ar IV] and [Fe III] require a hard radiation field to be ionized as
it is usually provided by WR stars, but other sources are possible.
[O I] is indicative of shocks and can be used to distinguish between
excitations by AGNs and HII regions. The location in the diagnos-
tic diagram of log(OI/Hα) vs. log([O III]/Hβ) confirm its origin in
a normal HII region (see e.g. Kewley et al. 2001).
The host is an EELG as are ∼50% of SLSN-Type I hosts
(Leloudas et al. 2014). With EWs of [OIII]λ5008 = –945±2 A˚
and Hα= –814±9 A˚ (rest-frame) in the integrated spectrum of the
galaxy, it is the most extreme example in the sample of Leloudas et
al. (2014).
3.1 Abundances, star-formation and extinction
We determine metallicities in the different parts of the galaxy using
the strong line parameters of N2 and O3N2 with the most recent
calibration of Marino et al. (2013) as well as by direct abundance
measurements using the electron temperature (Te) sensitive line of
[O III]λ4363 (see Table 1). We also determine the relative abun-
dances of N, Ne, Ar, Fe and He (see Table 2 in the Appendix).
The metallicity is generally low with 12+log(O/H)=8.04–8.09
or Z=∼1/4 Z and the values from different methods match sur-
prisingly well. The host does not show any enhancement in the N/O
ratio as some green pea galaxies (GPs, a subsample of EELGs)
(Amorı´n et al. 2010), but has abundances of Ne, He, Ar and Fe
very similar to those galaxies (Amorı´n et al. 2012a). The ionization
level is high and comparable to the most extreme EELGs (Jaskot &
Oey 2013), indicating a hard radiation field and young stellar popu-
lation (e.g. Martı´n-Manjo´n et al. 2010). There is very little variation
of metallicity and abundances along the slits except for some lower
values in the tail of the tadpole, though the values are within the er-
rors of the methods. The extinction is derived using the linear fit to
the Balmer decrements of Hα, Hβ, Hγ and Hδ. Some low extinc-
tion is present in the head of the tadpole, where most of the SF takes
place, in the rest of the galaxy the extinction is consistent with zero.
The Galactic extinction in the line-of-sight is E(B–V)=0.01mag.
The SFR derived from Hα (Kennicutt 1998) gives values of
4.3 M/yr for the two slit positions. Most of the SF comes from
the tadpole head where the SN exploded. We take the values for
the SFR, the magnitude in the B-band and the stellar mass from
Leloudas et al. (2014) that used the spectrum of slit position 1
scaled to the photometry of the entire galaxy. With this we get val-
ues of 24 M/yr/L/L* and 1.39 Gyr−1 for the luminosity and mass
weighted specific SFR. These are some of the highest values of the
sample in Leloudas et al. (2014) and on the upper end of the distri-
bution for EELGs.
3.2 Age of the stellar population
Several diagnostics can be used to constrain the age of the underly-
ing stellar population and with that the age and mass of the progeni-
tor star. This is the first time we are able to put very tight constraints
on the age of a SLSN progenitor. In the following we refer to the
spectra of the galaxy head that cover the SN site itself as we are
interested in the age of the stellar population around the SN.
The EW of the Hα and Hβ emission lines show a strong de-
pendence on age in the first 10–20 Myr both for an instantaneous
burst (ib) and continuous star-formation (csf), somewhat dependent
on the metallicity of the gas. Due to the young age no considerable
absorption in the Balmer lines had to be taken into account. At a
metallicity of 12+log(O/H)∼8.0 (Z=0.004) adopting new models
generated by Levesque et al. (2012) using Starburst99 (Leitherer et
al. 1999) we get ages of 4 (ib) and 10-15 Myr (csf).
Another strong age indicator is He I (Gonza´lez Delgado et al.
1999) which is only present in emission up to 5 Myr after the star-
burst (ib). The EWs of the He I λλ3810, 4026, 4471 and 4922 lines
consistently give an age of 3 Myr (ib) or 5–10 Myr (csf) (Gonza´lez
Delgado et al. 1999).
Very young starbursts are can further be recognized by the
Balmer continuum showing in emission instead of a Balmer break
in absorption (Sa´nchez Almeida et al. 2012). Higher order Balmer
c© 2014 RAS, MNRAS 000, 1–??
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Figure 2. Entire spectrum at the SN position (center position of slit 1). The two insets show the nebular lines (solid lines) and non-detected WR lines (dashed
lines) in the region of the blue and red WR bump.
Table 1. Properties along the two slit positions. N2 and O3N2 metallicities are from Marino et al. 2013, the ionization parameter U is derived from the models
described in Pe´rez-Montero 2014 using several strong emission lines. For the extinction from the Balmer decrement we use a linear fit to the ratio from Hα,
Hβ, Hγ and Hδ and assume a case B recombination and temperatures and densities of 12000K / 100 cm−3. EWs are in rest frame.
slit1 slit2
integrated center north south integrated head tail west
12 + log(O/H) (Te) 8.06± 0.01 8.06± 0.01 8.15± 0.07 8.12± 0.14 8.08± 0.03 8.05± 0.03 7.86± 0.13 —
12 + log(O/H) (O3N2) 8.07± 0.18 8.05± 0.18 8.06± 0.18 8.07± 0.18 8.03± 0.18 8.03± 0.18 8.05± 0.18 8.06± 0.18
12 + log(O/H) (N2) 8.09± 0.16 8.06± 0.16 8.07± 0.16 8.10± 0.16 8.01± 0.16 8.02± 0.16 8.03± 0.16 8.05± 0.16
log(N/O) (Te) -1.28± 0.07 -1.32± 0.07 -1.44± 0.13 -1.38± 0.30 -1.39± 0.10 -1.37± 0.08 -1.43± 0.37 —
ne[cm−3] ([S II]) 109: 93: 233: 212: 93± 36 95± 31 155: —
Te[104K] ([O III]) 1.32± 0.01 1.32± 0.01 1.28± 0.09 1.33± 0.18 1.29± 0.03 1.32± 0.03 1.58± 0.23 —
EW Hα [A˚] –814±9 –849±13 –570±10 –629±31 –605±9 –764±10 –152±5 –133±3
EW Hβ [A˚] –146±4 –154±4 –115±9 –105±14 –109±3 –143±3 –34±1 –35±1
E(B-V) 0.12± 0.01 0.15± 0.01 0.03± 0.01 0 0.17± 0.01 0.24± 0.01 0.05± 0.03 0
SFR [M /yr] Hα,[OII] 4.3, 4.3 4.1, 4.2 0.33, 0.36 0.13, 0.16 4.2, 3.6 5.6, 5.4 0.15, 0.17 0.05, 0.07
log(U) -2.37±0.14 -2.37±0.14 -2.47±0.11 -2.37±0.11 -2.32±0.12 -2.36±0.13 -2.33±0.14 -2.45±0.24
[O III]/[O II] 5.43±0.03 5.70±0.02 4.50±0.05 4.45±0.11 6.56±0.05 6.71±0.03 4.61±0.11 3.75±0.28
lines are quickly affected by stellar absorption and disappear in
emission, e.g. H8 would be dominated by absorption for an age of
> 5 Myr (ib) (Gonza´lez Delgado et al. 1999). We note some low-
level absorption in the high order Balmer lines, but the center part
of the galaxy clearly shows the Balmer series in emission down to
the Balmer break putting a maximum age of 5 Myr. The SED has
a large upturn bluewards of the Balmer break and is detected by
GALEX (Chen et al. 2014), supporting a very young population.
To further investigate the age of the stellar population at the
SN site, we perform star-formation history (SFH) modeling using
the spectral continuum. We use the STARLIGHT code (Cid Fernan-
des et al. 2005), which fits a spectrum with a non-parametric lin-
ear combination of single stellar population (SSP) models. Dust
effects are modeled using a Calzetti reddening law with RV = 3.1
and emission lines have been masked out. The SSP base has been
built from the Granada (Gonza´lez Delgado et al. 2005) and MILES
(Vazdekis et al. 2010) libraries, covering a wide metallicity range
(log Z/Z from -2.3 to -0.4), and ages from 0.001 to 14 Gyr1. We
1 Details on these libraries can be found in Gonza´lez Delgado et al. (2014).
assume a Salpeter IMF. All spectra present a very similar SFH (see
Fig. 3): a young component with less that 10 Myr and old compo-
nent >∼ 1 Gyr. This has also been found in similar objects with
recent star formation like BCDs (Pe´rez-Montero et al. 2010) and
GPs (Amorı´n et al. 2012a). An intermediate component is seen in
the southern part of slit 1 and the tail spectrum of slit 2.
3.3 The larger environment of the PTF12dam host
The origin for the very recent burst in SF in the host of PTF12dam
is not known. To explore the possibility tha SF was triggered by
interaction we observed the field around PTF12dam with narrow-
band tunable filters centered at Hα at z =0.107 (see Sect.2). The
use of etalon filters results in a shift in wavelength with distance
from the optical axis such that with the 5 steps covered in our ob-
servations we can detect Hα in emission in a field-of-view (FoV)
of ∼ 2′ (244 kpc) around the optical axis.
Within this FoV we detect only 3 emitting sources (see Fig. 1
in the Appendix): G1 is at a distance of 139 kpc with an emission
peak at –315 km s−1 and has an SDSS photo-z of 0.188± 0.1341.
G2 was also covered by slit 1 but has an emission-line redshift of
z =0.443. G3 has two emission peaks which could correspond to
c© 2014 RAS, MNRAS 000, 1–??





































































Figure 3. SFH modeling for the two slit positions showing the contributions
to mass and luminosity of the different stellar populations. The individual
regions are color coded.
Hα and [N II] in a high metallicity object and also has a photo-z
of 0.118±0.064. None of the objects are clearly interacting with
PTF12dam, requiring an alternative solution for triggering the star
formation episode that we are observing.
3.4 Wolf-Rayet features
We also searched the different spectra for signatures of WR stars
(see Fig.2). The spectra have good S/N around the so-called “blue
bump”. The region of the “red bump” is affected by sky lines which
excludes the detection of [C IV]. The WR features in the blue bump
consist of broad lines of [N V] λλ 4605,4621 and [N III] λλ 4641,
4635, while [C III] and [C IV] make up the red bump. In addition,
narrow nebular lines of [Fe III] λλ 4659, 4668, 4702, [Ar IV] λλ
4712, 4742 and He II λ 4686 can be detected in the blue and He I λ
5876 in the red bump. In the presence of WR features, He II should
show both a narrow nebular and a broad WR component.
We detect all of the narrow nebular lines in both the blue and
the red bump in the integrated spectra of both slit positions, but
there seems to be neither the broad WR lines nor a broad compo-
nent in He II line present (see Fig. 2). All of the flux in these nebular
lines comes from the bright SF regions in the tadpole head, the S/N
of the other regions are not high enough to detect any of the lines
except He I in the red bump.
From the non-detection of WR lines we derive limits on the
numbers of WR stars following the prescription of Lo´pez-Sa´nchez
& Esteban (2010) using the spectra of the tadpole head in slitpo-
sition 2. The flux limits depend on the width of the WR lines for
which we use 1000 and 3000 km s−1 FWHM as empirical lower
and upper limits (see Brinchmann, Kunth & Durret 2008, their Fig.
3). We then derive luminosities of 2.37–7.16×1039erg s−1 (1000–
3000 km s−1) for the blue and 1.66 – 4.99×1039erg s−1 for the red
bump and limits of < 4175–6475 WNL and < 988 – 2970 WCE
stars.
3.5 Kinematics
Using intermediate resolution spectra Amorı´n et al. (2012b) found
that the emission lines of GPs consist of a narrow and a broad com-
ponent with a FWHM of up to 600 km s−1. Such components have
also been detected in other compact starbursts (see e.g. Izotov et al.
2007; James et al. 2009) and extragalactic HII regions (e.g. Firpo
et al. 2011) and might trace outflows from WR/stellar winds or SN
explosions. We analyze the structure of Hα and [O III] using the
NGAUSSFIT routine in IRAF (see Fig. A1 in the Appendix).
The emission lines show surprisingly little kinematic features.
The emission lines across the tadpole show no sign of rotation and
the centroids differ only by 28 km s−1 across the slit, although this
might be an issue of spectral resolution. All lines are best fit with
a combination between a narrower and a wider component, com-
parison with a single Gaussian fit results in larger residuals that
are positive in the wings indicating that the broad component is
actually present. The narrow components are barely resolved with
widths of 120 – 140 km s−1 FWHM (our spectra have resolutions
of ∼ 100 km s−1) while the broad components have a FWHM of
180 – 200 km s−1. The two components do not show a large shift
in velocity except probably for [O III] in slit 2 while Amorı´n et al.
(2012b) found considerable shifts compared to the line centroid for
GPs. Full width zero intensity (FWZI) of the emission lines are ∼
400 km s−1 which is larger than the rotation in a dwarf galaxy and
might be an indication for stellar winds or outflows.
4 DISCUSSION
The host of PTF12dam is a very young starburst even exceeding
most EELGs and GPs in terms of [O III] EW, SSFR and ionization.
It is also one of the most star-forming SLSN hosts detected so far
and the only one showing He I emission, although this might be an
effect of S/N. However, it does not have an extremely low metal-
licity and SP modeling clearly shows that this galaxy did not get
formed recently. It has an older population of several Gyr followed
by a long, quiet period and a recent SF epoch with an age of a
few Myr. The properties are largely uniform throughout the galaxy
while Sanchez Almeida et al. (2013) observe abundances up to 0.5
dex higher in the tail of nearby tadpoles. The tail of the PTF12dam
host might, however, have a somewhat older SP than the tadpole
head, but the metallicity is similar. Galaxy interaction is largely ex-
cluded as trigger for the recent starburst and infact most tadpoles
are isolated galaxies. Sanchez Almeida et al. (2013) propose the
inflow of cold, metal-poor gas onto the tadpole head as likely SF
trigger which could be an appealing option for the PTF12dam host.
It is curious that, despite its young age, we do not detect WR
features in the host of PTF12dam while the spectrum shows strong
He II lines. However, the fraction of starbursts with WR features
drops with metallicity and at 12+log(O/H)< 8.0 only 50% show
WR features (Shirazi et al. 2012). This might be due to lower
wind strength at low metallicity or a more homogeneous evolu-
tion of massive stars. Spatially resolved studies of WR galaxies
infact show that regions with He II emission and those with WR
c© 2014 RAS, MNRAS 000, 1–??
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features can be spatially separated (Kehrig et al. 2013), hence WR
stars might not be the only cause for producing He II emission. WR
features have not been detected in all GPs (Jaskot & Oey 2013) al-
though this could be an issue of S/N. Our limits on the number of
WR stars indicates that the features might simply be too weak to
be detected in such a galaxy at that redshift or the starburst could
simply be still too young to show strong WR signatures.
Lunnan et al. (2014) concluded that Type I SLSN hosts belong
to a similar population than LGRB hosts although SLSN hosts tend
to have even lower masses than LGRB hosts. In contrast, Leloudas
et al. (2014) proposed that hydrogen-poor SLSNe are found on av-
erage in younger locations than GRBs. Some nearby LGRB hosts
do show evidence for WR features (Han et al. 2010). Metallicities
are usually sub solar but all of them have 12+log(O/H)>8.0 and the
sites of z<0.3 LGRB hosts even have 12+log(O/H)>8.2 (Levesque
et al. 2010). Most Type I SLSN host, in contrast, have metallicities
of ∼1/4 solar with some even going down to 1/10 solar metallicity
or less.
For the first time we are able to set strong limits on the age of a
SLSN progenitor by studying its immediate environment and hence
on its mass. SP modeling and high excitation lines suggests that
the SLSN was formed in the most recent starburst with an age of
∼3 Myr corresponding to a star of>60 M (e.g. Meynet & Maeder
2005). Based on the Hβ EW of SN sites Sanders et al. (2012) deter-
mined the progenitor mass for different types of stripped-envelope
SNe and GRBs concluding that broad-line Ic SNe and GRBs have
the youngest and most massive progenitors. Others have found sim-
ilar ages of 5–6 Myr for the SP surrounding GRB sites using high
angular resolution photometry, integral-field spectra and SP mod-
eling (O¨stlin et al. 2008; Tho¨ne et al. 2008, 2014; Christensen et al.
2008). IFU observations of SN locations show that SN Ibc progen-
itors are stars with masses of <40 M with some possible excep-
tions (Kuncarayakti et al. 2013).
PTF12dam has a lower the age and higher mass than other SN
progenitors suggesting that SLSNe might be the most massive stars
and those to explode first after the onset of a star-burst, even be-
fore GRBs. Nicholl et al. (2013) proposed a magnetar as possible
driver for the high luminosity of PTF12dam, but new observations
would require special parameters for this model to work (Chen et
al. 2014). A CSM interaction model provides a good fit to the light
curve but is considered problematic since it requires a very large
ejecta mass and a H-poor CSM (29 and 13 M respectively Chen
et al. 2014). The mass limits derived here are, however, consistent
with this possibility. Whatever the exact model for this SN, its pro-
genitor was likely a single, very massive, star created in a recent
star-burst and one of the first stars of that starburst that exploded as
a SN. Further high angular resolution studies are needed to deter-
mine the general population of hydrogen poor SLSN progenitors.
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Table A1. Line fluxes in the individual regions and the combined spectra for each slit. Fluxes are in units of 10−16 erg/cm2/s and not corrected for extinction.
line slit1 slit2
integr. head north south integr. head tail west
H-18 — 0.25±0.09 — — — 0.19±0.13 — —
H-17 — 0.29±0.09 — — — 0.29±0.09 — —
H-16 — 0.41±0.11 — — 0.34±0.21 0.31±0.11 — —
H-15 — 0.52±0.09 — — 0.39±0.16 0.42±0.14 — —
H-14 — 1.16±0.27 — — 1.05±0.30 0.93±0.26 — —
[OII] 3727 28.2±0.9 23.4±0.44 3.19±0.17 1.70±0.19 19.3±0.9 17.4±0.36 1.98±0.22 0.71±0.23
[OII] 3729 37.7±0.8 30.4±0.39 4.83±0.19 2.11±0.18 29.5±1.0 26.5±0.38 2.04±0.19 1.05±0.24
H-13 1.25±0.52 0.77±0.23 — — 0.68±0.25 0.54±0.24 — —
H-12 0.96±0.23 0.83±0.14 — — 0.66±0.15 0.76±0.08 — —
H-11 1.39±0.23 1.29±0.13 — — 1.09±0.21 1.00±0.09 — —
H-10 1.96±0.25 1.54±0.15 — — 1.50±0.15 1.57±0.07 — —
HeI 3819 — 0.34±0.13 — — — 0.32±0.11 — —
H-9 2.95±0.20 2.43±0.09 0.44±0.10 — 2.22±0.21 1.93±0.13 0.23±0.09 —
[NeIII] 3868 20.0±0.28 24.2±0.10 2.27±0.09 1.05±0.09 15.8±0.26 14.3±0.21 1.08±0.09 0.46±0.07
H-8 7.93±0.28 6.69±0.12 0.89±0.10 0.28±0.08 6.28±0.16 5.57±0.11 0.42±0.07 0.17±0.07
[NeIII] 3968 6.10±0.36 5.69±0.27 0.57±0.11 0.18±0.09 4.24±0.22 3.95±0.15 0.26±0.07 0.13±0.06
H 6.28±0.34 4.78±0.22 0.72±0.12 0.46±0.09 5.37±0.24 5.03±0.17 0.25±0.08 0.22±0.06
HeI 4026 0.63±0.29 0.38±0.07 — — 0.63±0.14 0.54±0.07 — —
[SII] 4068 0.81±0.13 0.89±0.08 — — 0.48±0.13 0.45±0.06 — —
Hδ 10.6±0.19 8.87±0.17 1.21±0.06 0.53±0.07 8.88±0.14 8.19±0.12 0.56±0.06 0.25±0.05
Hγ 19.7±0.09 16.3±0.15 2.16±0.08 1.08±0.06 16.9±0.18 15.4±0.09 1.09±0.06 0.37±0.04
[OIII] 4363 3.64±0.09 0.36±0.01 0.36±0.06 0.19±0.06 2.97±0.15 2.80±0.10 0.30±0.09 —
HeI 4471 1.59±0.13 1.47±0.08 — — 1.36±0.08 1.22±0.05 0.15±0.04 —
[Fe III] 4658 0.53±0.09 0.43±0.07 — — 0.41±0.07 0.36±0.05 — —
HeII 4686 0.30±0.05 0.36±0.06 — — 0.34±0.08 0.30±0.05 — —
[FeIII] 4702 0.31±0.10 0.16±0.05 — — 0.16±0.07 0.09±0.05 — —
HeI 4711 + [ArIV] 4713 0.56±0.09 0.52±0.09 — — 0.39±0.08 0.43±0.05 — —
[ArIV] 4740 0.48±0.10 0.33±0.09 0.10±0.04 — 0.19±0.06 0.19±0.06 — —
Hβ 44.9±0.01 38.1±0.04 4.74±0.05 2.10±0.05 40.1±0.43 36.5±0.33 2.61±0.04 0.92±0.04
HeI 4922 0.31±0.07 0.26±0.04 — — 0.24±0.08 0.27±0.04 — —
[OIII] 4959 90.0±0.09 76.6±0.09 9.21±0.06 4.25±0.06 79.3±0.09 73.1±0.10 4.54±0.06 1.62±0.04
[FeIII] 4986 0.57±0.11 0.50±0.06 — 0.43±0.12 0.44±0.06 — —
[OIII] 5008 267.8±0.22 230.1±1.0 26.9±0.16 12.7±0.12 240.8±3.5 221.5±4.4 14.0±0.06 4.98±0.05
HeI 5015 2.41±1.14 5.20±2.03 — — 0.86±0.17 1.25±0.46 0.09±0.03 —
[NI] 5199 0.44±0.11 0.32±0.07 — — 0.39±0.13 0.40±0.08 — —
[FeIII] 5271 0.28±0.17 0.25±0.06 — — 0.20±0.09 0.29±0.05 — —
HeI 5876 5.36±0.09 4.58±0.05 0.59±0.04 0.21±0.03 5.29±0.07 5.40±0.05 0.29±0.04 0.12±0.04
[OI] 6300 2.21±0.09 1.91±0.07 0.27±0.07 0.09±0.04 2.24±0.07 2.22±0.04 0.17±0.03 —
[SIII] 6312 0.72±0.08 0.69±0.08 0.07±0.03 — 0.73±0.06 0.75±0.04 — —
[OI] 6365 0.68±0.11 0.61±0.05 0.07±0.02 — 0.58±0.06 0.65±0.04 — —
[NII] 6548 2.32±0.84 1.03 ±0.47 0.14±0.07 — 1.10±0.18 1.16±0.07 — —
Hα 141.5±0.36 123.2±0.51 13.6±0.11 5.56±0.13 130.3±0.49 133.5±0.5 6.53±0.08 1.87±0.08
[NII] 6584 5.44±0.55 4.11±0.53 0.47±0.06 0.23±0.09 3.40±0.50 3.58±0.47 0.19±0.11 0.06±0.03
HeI 6680 1.53±0.14 1.29±0.07 — — 1.43±0.14 1.43±0.06 — —
[SII] 6718 7.82±0.22 6.64±0.23 0.88±0.05 0.29±0.04 7.51±0.10 7.57±0.08 0.48±0.04 0.11±0.03
[SII] 6732 6.00±0.32 5.03±0.15 0.74±0.05 0.24±0.04 5.69±0.09 5.75±0.08 0.38±0.04 0.05±0.03
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Table A2. Further properties and abundances in the individual regions and the integrated spectrum not listed in Table 1. ne and Te are electron density
and temperatures, ICF is the ionization correction factor. Element abundances have been determined using PYNEB (Luridiana et al. 2014). [O II] and [S III]
temperatures are derived from [O III] temperatures using empirical relations. The abundances of O are listed here separately according to ionization state, the
total abundance 12+log(O/H) is also listed in Table 1 of the main paper as “Te metallicity”. Metallicities determined by empirical parameters (bottom part
of the table) are from: R23 (Kewley& Ellison 2008), PP04 (Pettini et al. 2004) and PM14 (Pe´rez-Montero 2014). R23 has a double solution, the ratios of
[N II]/Hα, however, indicate that in all spectra the lower branch is the one to be adopted.
line slit1 slit2
integ. head north south integ. head tail west
n([OII]) cm−3 107±55 137±34 — 188: — — 483: —
T([OII]) 104K 1.23±0.01 1.25±0.01 1.07±0.04 1.11±0.08 1.23±0.02 1.25±0.02 1.29±0.10 —
T([SIII]) 104K 1.31±0.02 1.30±0.01 1.27±0.09 1.32±0.19 1.27±0.04 1.31±0.03 1.58±0.25 —
12+log(O+/H+) 7.41±0.03 7.37±0.02 7.67±0.09 7.62±0.17 7.35±0.05 7.35±0.04 7.33±0.17 —
12+log(O2+/H+) 7.96±0.02 7.96±0.01 7.97±0.09 7.96±0.19 7.99±0.04 7.96±0.04 7.71±0.18 —
12+log(O/H) 8.06±0.01 8.06±0.01 8.15±0.07 8.12±0.14 8.08±0.03 8.05±0.03 7.86±0.13 —
12+log(S+/H+) 5.63±0.03 5.60±0.03 5.86±0.07 5.71±0.13 5.63±0.03 5.63±0.02 5.66±0.11 —
12+log(S2+/H+) 6.07±0.07 6.12±0.06 6.12±0.32 — 6.15±0.08 6.14±0.06 — —
ICF(S++S2+) 1.36±0.03 1.39±0.02 1.20±0.07 — 1.44±0.06 1.41±0.04 — —
12+log(S/H) 6.34±0.05 6.38±0.05 6.39±0.21 — 6.42±0.07 6.40±0.05 — —
log(S/O) -1.72±0.05 -1.68±0.05 -1.75±0.22 — -1.65±0.07 -1.65±0.05 — —
12+log(N+/H+) 6.13±0.06 6.05±0.06 6.22±0.09 6.24±0.24 5.95±0.08 5.97±0.07 5.90±0.33 —
ICF(N+) 4.52±0.30 4.88±0.22 3.03±0.61 3.18±1.28 5.37±0.62 5.08±0.48 3.44±1.38 —
12+log(N/H) 6.79±0.06 6.74±0.07 6.71±0.13 6.75±0.30 6.68±0.10 6.68±0.08 6.44±0.38 —
log(N/O) -1.28±0.07 -1.32±0.07 -1.44±0.13 -1.38±0.30 -1.39±0.10 -1.37±0.08 -1.43±0.37 —
12+log(Ne2+/H+) 7.30±0.02 7.47±0.01 7.33±0.12 7.28±0.26 7.30±0.05 7.29±0.04 7.00±0.24 —
ICF(Ne2+) 1.08±0.01 1.08±0.01 1.10±0.02 1.10±0.03 1.08±0.01 1.08±0.01 1.09±0.02 —
12+log(Ne/H) 7.33±0.02 7.50±0.01 7.37±0.12 7.33±0.26 7.33±0.05 7.32±0.04 7.04±0.24 —
log(Ne/O) -0.73±0.03 -0.56±0.01 -0.78±0.14 -0.80±0.30 -0.74±0.06 -0.73±0.05 -0.82±0.28 —
12+log(Ar3+/H) 5.19±0.11 5.10±0.12 5.51±0.27 — 4.87±0.17 4.88±0.17 — —
12+log(Fe2+/H+) 5.41±0.13 5.40±0.11 — — 5.39±0.12 5.34±0.10 — —
ICF(Fe2+) 3.68±0.22 3.94±0.16 — — 4.30±0.45 4.08±0.35 — —
12+log(Fe/H) 5.97±0.14 6.00±0.11 — — 6.02±0.13 5.96±0.11 — —
log(Fe/O) -2.09±0.14 -2.07±0.12 — — -2.06±0.13 -2.10±0.11 — —
He+/H+ 0.081±0.005 0.082±0.005 0.090±0.01 0.075±0.01 0.081±0.011 0.084±0.015 0.112±0.031 —
He2+/H+ 6×10−4 8×10−4 — — 7×10−4 7×10−4 — —
He/H 0.081±0.005 0.083±0.005 — — 0.082±0.011 0.085±0.015 — —
12+log(O/H) R23 lower 8.18±0.13 8.19±0.13 8.17±0.13 8.23±0.13 8.14±0.13 8.16±0.13 8.11±0.13 8.17±0.13
12+log(O/H) PP04 (N2) 8.11±0.18 8.09±0.18 8.10±0.18 8.13±0.18 8.04±0.18 8.05±0.18 8.06±0.18 8.08±0.18
12+log(O/H) PP04 (O3N2) 8.03±0.14 8.01±0.14 8.02±0.14 8.04±0.14 7.98±0.14 7.98±0.14 8.01±0.14 8.02±0.14
12+log(O/H) PM14 8.01±0.06 8.01±0.06 8.04±0.04 8.00±0.06 8.05±0.04 8.01±0.05 7.75±0.09 8.07±0.17
log(N2O2) -1.04±0.06 -1.15±0.06 -1.14±0.07 -1.09±0.14 -1.19±0.05 -1.18±0.04 -1.24±0.20 -1.34 ± 0.20
log(N2S2) -0.40±0.05 -0.45±0.06 -0.54±0.06 -0.36±0.18 -0.58±0.06 -0.56±0.06 -0.65±0.25 -0.43±0.25
log(N/O) (N2S2 PM09) -1.37±0.31 -1.43±0.31 -1.54±0.31 -1.32±0.31 -1.60±0.31 -1.57±0.31 -1.68±0.31 -1.40±0.31
log(N/O) (PM14) -1.41±0.14 -1.44±0.14 -1.55±0.14 -1.43±0.17 -1.57±0.13 -1.54±0.13 -1.57±0.13 -1.48±0.19
log([OIII]/Hβ) 0.77±0.01 0.77±0.01 0.75±0.01 0.78±0.01 0.77±0.01 0.77±0.01 0.73±0.01 0.73±0.02
log([SII]/Hα) -1.01±0.01 -1.03±0.01 -0.92±0.02 -1.02±0.05 -1.00±0.01 -1.01±0.01 -0.88±0.03 -1.07±0.12
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Figure A1. Top row: Fit to Hα and [O III] in the integrated spectra of both slit positions with two Gaussians, a narrow and a broad component, and the
residuals. Bottom row: The same lines but fitted with a single Gaussian. The residuals are larger than for the two-component fit and have a positive component
in the wings, suggesting that a second, broad, component is actually present.
Figure A2. Hα tunable narrow-band filter imaging of the field around PTF12dam. The galaxies with Hα emission at redshifts similar to the host of PTF12dam
are indicated in the finding chart taken with a continuum filter centered around 6800A˚. The sequences show the different galaxies in 5 steps of 8A˚ around the
center of Hα in the host of PTF12dam. The distance in velocity is not the same for all galaxies due to the shift in wavelength across the FoV caused by the
instrument.
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